This study documents the determinants and plasma levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) among hypertensive and normotensive subjects in a multi-ethnic population in the United Arab Emirates (UAE). We obtained demographic, anthropometric and clinical data, together with fasting NT-proBNP and biochemical indices from 128 hypertensive patients and 138 normotensive subjects matched for age, gender and ethnicity. Plasma NT-proBNP levels were significantly (Po0.001), and several-fold higher among hypertensives (median 5.92, inter quartile range (IQR): 1.79-18.48 pmol/l) than normotensives (median 1.78, IQR: 0.59-4.32 pmol/l) in the total study population, and the same was true for the ethnic groups separately. Similarly, plasma levels of glucose, blood urea nitrogen (BUN) and creatinine, but not insulin, were significantly (Po0.05) higher among hypertensives than normotensives. For all subjects combined, log NT-proBNP correlated positively and significantly with age (Po0.01), log glucose (Po0.05), systolic blood pressure (SBP, Po0.001), log BUN (Po0.001) and log creatinine (Po0.001). Multivariate regression analysis showed that NT-proBNP levels were independently and positively correlated with SBP, age, gender, log BUN, Emirati and South East Asian ethnic groups and inversely associated with current exercise. In conclusion, we found circulating levels of NT-proBNP to be significantly increased in hypertensive versus normotensive subjects in the UAE and independently related to SBP, age, gender, indices of renal function and possibly exercise. Our results further suggest a possible modulating effect of ethnicity on NT-proBNP levels.
Introduction
Circulating levels of the cardiac natriuretic peptides, particularly brain natriuretic peptide (BNP) and the 1-76 amino-acid N-terminal pro-BNP (NT-proBNP), have been identified as robust biochemical markers of heart failure in patients presenting with acute shortness of breath, [1] [2] [3] [4] as prognostic indices for mortality and the development of heart failure following acute myocardial infarction, 5, 6 and as potentially useful guides to the intensity of pharmacotherapy in patients with chronic heart failure. 7 Natriuretic peptide levels have been reported also to be higher in patients with hypertension, especially those with left ventricular hypertrophy or dysfunction, than in normotensive subjects. 8, 9 Some workers, however, have documented similar levels of these peptides in hypertensives and normotensives, 10 and where differences have been noted, overlap between the groups has been considerable. Furthermore, there is limited information on the role of ethnicity regarding BNP or NT-proBNP levels. Additionally, the determinants of circulating levels of the cardiac natriuretic peptides in a multi-ethnic society have not been explored. Accordingly, we measured plasma levels of NT-proBNP in patients attending hypertension clinics and matched normotensive controls, in a multi-ethnic society in the United Arab Emirates (UAE). We also documented a number of demographic, anthropological, clinical and biochemical indices in an attempt to determine what factors contribute to plasma levels of NT-proBNP in this society.
Materials and methods
The study protocol was approved by the Ethics Committee of the Faculty of Medicine and Health Sciences, UAE University. A stratified sample of normotensive and hypertensive subjects was enrolled for study over the period February 2001 to May 2005. Patients with hypertension were recruited from outpatient clinics in three hospitals within the UAE: Tawam Hospital in Al Ain, Dubai Hospital in Dubai and Al-Qasimi Hospital in Sharjah. Normotensive volunteers were enrolled from among UAE University staff, secondary school teachers, factory workers and various other institutions in the cities of Al-Ain, Abu Dhabi and Dubai, UAE. No subject was known to have heart failure or chronic renal failure. Details of enrolment and sampling methods are given elsewhere.
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The sample consisted of 349 hypertensives (mean age7s.d., 50.879.2 years, 226 men) and 640 normotensives (42.979.3 years, 445 men) among UAE nationals (Emiratis) and expatriates (non-Gulf Arabs (nGAs), Africans and South East Asians (SEAs)). A major objective of the study was exploring levels and determinants of NT-proBNP in patients with hypertension. However, resources were only sufficient to determine hormone levels in 266 subjects, we therefore decided to use stratification and matching to make optimal use of these limited resources. Thus, 128 self-reported hypertensive patients were randomly selected and an attempt was made to match closely these subjects (by hand) for approximate age, gender and ethnicity with 138 normotensive subjects. Where no exact match was available priority was given to age and ethnicity. Thus, 61 Emirates, 57 nGAs, 59 Africans and 89 SEAs (26, 27, 27 , 48 hypertensives, respectively) were selected.
After signing the consent form, patients and normotensive controls were interviewed by one of the authors using a one-page questionnaire in Arabic or English on demographic variables, including ethnic background, history of hypertension, diabetes, dyslipidaemia, smoking, regular current exercise (exercising for at least 1 h three times per week), and alcohol consumption. Specially trained nurses measured blood pressure, body weight and height, as well as waist and hip circumferences (WC and HC) in the morning after overnight (12-14 h) fasting. Patients and controls were instructed to relax in the sitting position for at least 15 min before blood pressure measurements, which utilized a mercury sphygmomanometer with an appropriate cuff size. Blood pressure readings were measured twice with the subjects in the sitting position the average of which was used in the analysis.
Hypertension was defined as a systolic blood pressure (SBP) X140 mm Hg and/or a diastolic blood pressure (DBP) X90 mm Hg or current use of anti-hypertensive medications or a self-reported history of hypertension.
Body weight and height were measured without shoes and heavy clothing and body mass index (BMI) calculated (weight/height 2 ). WC and HC were measured to the nearest 0.1 cm using an unstretched tape with no pressure applied. Waist-to-hip ratios (WHRs) were calculated as WC (cm) divided by HC (cm). Obesity was defined as a BMI X30 kg/m 2 and central body fat distribution was defined as a WHR X0.9 for men and X0.8 for women.
After completion of the physical measurements noted above, 8 ml of venous blood was collected, 4 ml into ethylenediaminetetraacetic acid and 4 ml into a plain tube. Samples were centrifuged for 15 min at 1500 r.p.m. and 41C. Plasma and serum aliquots were stored at À801C. Plasma levels of NT-proBNP were measured by a well-established sandwich electrochemiluminescence immunoassay method using an Elecsys 2010 analyzer (Roche Diagnostics, IN, USA). The conversion factor for NT-proBNP is: pmol/l Â 8.457 ¼ pg/ml. Plasma levels of insulin were measured by enzyme-linked immunosorbent assay, using reagents purchased from Dako Cytomation (Ely, UK). The cross reactivity of these kits' antibodies with related peptides was o0.1% according to the manufacturer. For the measurement of the two hormones, samples from both normotensives and hypertensives were included in each assay and coefficients of variation were 2.5% (intra-assay) and 2.9% (inter-assay) for NT-proBNP and 7.5% (intra-assay) and 9.1% (interassay) for insulin. Blood urea nitrogen (BUN), creatinine and glucose were determined by synchron CX9 from Beckman Coulter (Fullerton, CA, USA). All assays were carried out on freshly thawed samples.
Statistical analyses
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version 13.0 for Windows. The descriptive data are presented as median (inter quartile range (IQR)) and depicted graphically using Box Plots. Normotensives were compared to hypertensives adjusted for gender using two-way analysis of variance for continuous (numerical) variables, after logarithmic transformation of the (skewedly distributed) levels of insulin, BUN, creatinine, glucose and NT-proBNP. Categorical variables were compared between hypertensives and normotensives, adjusted for gender using Mantel-Haenszel test. The significance of differences between two different groups was assessed using the Mann-Whitney U-test. Correlations between different variables were calculated using Pearson's correlation coefficient. Multivariate (stepwise, with both forward (P-entry 0.05) and backward selection (P-removal 0.10)) regression analyses were used to determine the independent and combined effects of all variables (included) on measured levels of NT-proBNP. All hormone levels were log transformed before regression analysis. A P-value o0.05 was considered statistically significant.
Results
Baseline characteristics of the study subjects are summarized in Table 1 . There were no differences in age, BMI or WHR between normotensive and hypertensive subjects. As expected, SBP and DBP, along with heart rate, were higher in the hypertensive cohort. Also, BUN, creatinine and glucose levels were significantly higher among hypertensives than normotensives. Serum insulin levels, however, were significantly lower in the hypertensive subjects. Regular, current exercise was undertaken less frequently among Emiratis (37% of subjects) compared to all other ethnic groups combined (62%, Po0.001) and also less frequently among hypertensives than normotensives (49.2% of patients versus 62%, Po0.01) in controls. Alcohol intake and smoking were not significantly different between the groups.
Plasma NT-proBNP levels overall were significantly (Po0.001), and several-fold, higher among hypertensives (median 5.92, IQR: 1.79-18.48 pmol/l) than normotensives (median 1.78, IQR: 0.59-4.32 pmol/l). In addition, the levels were higher in hypertensives compared to normotensives for each of the four ethnic groups, significantly so among Emiratis, Africans and SEAs (Figure 1 ). Overall levels were significantly higher among emirates than nGAs (P ¼ 0.027), Africans (P ¼ 0.001), but not significantly so compared to Asians. The Africans NT-proBNP levels in a multi-ethnic population AM Abdulle et al were also significantly lower than Asians (Po0.001). Similar results were obtained after adjusting for hypertension status and gender. Although there were no statistically significant differences in levels of NT-proBNP between men and women for hypertensives or normotensives, multivariate analysis showed a significant gender effect on NT-proBNP (see below). The correlation matrix for all measured variables is presented in Table 2 . Log NT-proBNP correlated positively and significantly with SBP, log BUN and log creatinine, and to a lesser degree with age, DBP and log glucose. Multivariate linear regression analyses were carried out with NTproBNP as the dependent variable and other factors either demographic, behavioural, or related to organ damage (age, gender, SBP, DBP, BMI, WHR, ethnicity, current regular exercise, log BUN, log creatinine, log insulin and log glucose) as independent variables. NT-proBNP levels were independently related to age, gender, SBP, log BUN, Emirati and SEA ethnic groups and current exercise, while all other variables were excluded by the model (Table 3 ).
Discussion
The main findings from this study of a multi-ethnic population resident in the UAE are first, plasma levels of NT-proBNP are considerably higher in hypertensive patients than normotensive volunteers. Second, circulating NT-proBNP levels in our population are determined in part by age, gender, systolic arterial pressure, renal function, and by ethnicity and exercise.
Regarding our first observation, while numerous previous studies have reported higher plasma levels of cardiac natriuretic peptides in hypertensives than normotensives, the differences have, in general, been small and certainly of lesser magnitude than the several-fold difference noted here. Indeed, there are some reports that natriuretic peptide levels are not different between hypertensives and normotensives 10 and may even be reduced in patients with mild essential hypertension. 12 The reasons why NT-proBNP should be higher in our hypertensive patients than in the normotensive controls cannot be determined with certainty from available data. Heightened cardiac secretion is probably, due to - All logarithms are base 10 logarithms.
NT-proBNP levels in a multi-ethnic population AM Abdulle et al presumably -hypertensive heart disease, especially left ventricular hypertrophy and diastolic dysfunction, 9,13-15 and possibly due to early asymptomatic left ventricular systolic dysfunction and asymptomatic myocardial ischaemia in some patients. [16] [17] [18] Nevertheless, given the statistically significant associations between indices of renal function and NT-proBNP (log BUN and log creatinine on univariate analysis, and log BUN on multivariate analysis), it is possible that reduced clearance of the peptide contributed also to the observed intergroup difference in NT-proBNP levels. The magnitude of any such contribution is difficult to gauge, however, since details of how NT-proBNP is cleared from the circulation remain to be defined.
As to the second observation, our finding that age, gender, level of systolic arterial pressure and renal function are determinants of circulating levels of the cardiac natriuretic peptides are congruent with a number of earlier reports. Indeed, it is now widely recognized that age, gender, renal function and possibly blood pressure should be taken into account in the interpretation of BNP and NT-proBNP levels. [19] [20] [21] [22] Less well-documented, to our awareness, are the potential effects on levels of these peptides of ethnicity (discussed below) and exercise. Although exercise may stimulate a rise in plasma natriuretic peptide levels, 23, 24 our study was an observational one and confounding by unmeasured variables cannot be ruled out. One should seek confirmation of our findings in experimental studies of hypertensive and normotensive subjects before accepting that regular exercise reduces plasma natriuretic peptide levels in the long term. If confirmed, this relationship seems similar to that between exercise and blood pressure, the latter being activated vigorously during single episodes of exercise yet is suppressed in the longer term in response to regular moderate exercise. 25, 26 Certainly, this scenario appears likely in cardiac failure where aerobic training decreases both circulating norepinephrine and NT-proBNP levels. 27 Any such associations are potentially important for UAE nationals since, as in our report, earlier studies suggest that physical activity levels are particularly low in this population 28, 29 and may be linked to high levels of obesity and hypertension. 28, 30 Regarding our second observation, there is little information, to our awareness, relating circulating levels of the cardiac natriuretic peptides to ethnicity. In a study of coronary atherosclerosis (as determined by electron beam computed tomography), Abdullah et al. 17, 31 reported that plasma NT-proBNP levels were slightly, but significantly, lower in African Americans than Caucasians (median 30.6 versus 24.5 pg/ml, Po0.004, n ¼ 1275 and 1394, respectively). For patients presenting with an emergency diagnosis of heart failure, Maisel et al. 32 likewise observed lower plasma natriuretic peptide levels, BNP in this case, in African Americans than Caucasians (median 117 versus 200 pg/ml, Po0.001, n ¼ 715 and 773, respectively). In the present study, Emirati and SEA ethnicity was one independent determinant of NT-proBNP levels on multivariate analysis, and the levels were higher in Emiratis than all three other ethnic groups for both hypertensive patients and normotensives, significantly so in some instances. Notwithstanding the some times sizeable differences in NT-proBNP levels between Emiratis and the three other ethnic groups, it is possible that factors other than race, not measured in our survey, contributed to this observation. In particular, the Emiratis were living in their own country with probably a high standard of living, a generous dietary sodium intake and, as recorded here, little physical activity. By contrast, those in the other ethnic groups were living outside their own country with possibly a lower standard of living, perhaps taking a restricted intake of dietary sodium and typically undertaking relatively more physical activity. Future studies specifically addressing possible ethnic differences in circulating cardiac natriuretic peptide levels will need to take account of such potentially confounding variables.
There are a number of limitations in our study. First, although we excluded subjects with renal failure, creatinine values among hypertensives were higher than in normotensives pointing to some degree of target organ damage. Not measuring microalbuminuria and left ventricular hypertrophy as organ damage markers is therefore a missed opportunity. Also, we did not document what medications were being taken by the hypertensive patients in this study. However, with the exception of beta-blockers, antihypertensive drugs have little effect or reduce plasma levels of BNP and NT-proBNP. [33] [34] [35] Accordingly, such treatment would tend to diminish, rather than enhance, any difference in levels of these peptides between our hypertensive and normotensive subjects. We did not perform echocardiography, hence we cannot comment on what percentage of our hypertensive patients had left ventricular hypertrophy, diastolic left ventricular dysfunction or asymptomatic left ventricular systolic dysfunction, all of which are known to be associated with elevated levels of the natriuretic peptides. 14 The presence of such structural and functional cardiac abnormalities in a high percentage of our hypertensive cohort might explain the sizeable difference in NT-proBNP levels we documented between hypertensives and controls. Finally, as mentioned above, we did not record the economic and social status of our subjects, which might possibly contribute to differences in some indices between the ethnic groups, for example, through discrepancies in dietary sodium intake and exposure to summer heat versus regular air conditioning in the UAE.
In conclusion, we found circulating levels of NT-proBNP to be significantly increased in hypertensive versus normotensive subjects in the UAE and independently related to SBP, age, gender, indices of renal function and possibly exercise. Our results further suggest a possible modulating effect of ethnicity on NT-proBNP levels.
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